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432X325X70 analysis grid, RMS Linearisation
Error

qt

p

u

theta
qt



© Crown copyright 2011 Page 3Page 3

432X325X70 analysis grid, level 20 (~3km)
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432X325X70 analysis grid, level 1
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432X325X70 analysis grid, level 60
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Making use of knowledge of errors in the linear 
model 

� Lots of diagnostic information about linearisation errors

� Fairly consistent between different cases

� Plausible that in incremental 4D-Var the error from the linear (“PF”) 
model is as large or larger than full (“UM”) model error 

� PF model error arises through 
Processes missing or approximated  
Lower resolution  (as well as linearisation) 

But this is one case where we know what the errors are (cf
background errors, full model error, even observation errors)

Therefore unlimited scope to model them compactly

� How can we use this information to improve 4D-Var?
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Optimal estimation where one has two models -
linear case
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Linear case, cont'd
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Nonlinear full model
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Linear model for evolution of increments
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Linearisation error as a stochastic error
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Issues in forming EKF
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Need for compact representation of error 
correlations
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Time correlated errors
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Signal model for system with time correlated 
linearisation error
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EKF with time correlated linearisation error
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Parameters for filter including linearistion error
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Determination of linearisation error parameters
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Determination of linearisation error parameters, 
cont'd
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Example: L95, nearly perfect full model, 
persistence for linear model
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Example: L95, nearly perfect full model, 
persistence for linear model,cont’d
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Example: L95, nearly perfect full model, 
persistence for linear model, results
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Variational version: weak constraint 4D-Var 
allowing for time correlated linearisation error
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Remarks on variational form
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Long window weak constraint 4D-Var allowing for 
linearisation error, same example
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Remarks
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The End


